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Summary 
 
The Plan-Do-Check-Act-cycle, often also called Deming-cycle, is a quality management device for monitoring 
and improving innovative business processes (Maruta, 2012, p. 205). The key phase is the check-phase (Lee & 
Dale, 1999, p. 501). The objective of this phase is to monitor the effectiveness of these innovative business 
processes (Lee, 2002, p. 147). Chen, Chang, Wang, and Huang (2014, p. 13) argue that monitoring process 
performance is crucial for managers. To assist managers in monitoring these performances, a service quality 
control chart has been developed (Oakland, 2008, p. 70). This control chart displays performance information 
to evaluate whether a process is in or out of control (Wilcox, 2004, p. 163).  
 
Chen et al. (2014, p. 7) report about a service quality control chart to monitor an innovative business process in 
a service industry company in the check-phase. They claim that employing a control chart allows service 
industry companies to evaluate whether the quality of innovative business processes are at an appropriate 
company service level (p.13). In their study, they employ a sample group of 4,500 customers to evaluate if the 
innovative business process of this service industry company is in control. This company has set its upper 
acceptable level of complaining customers on 30%. Chen et al. (2014, p. 3) call this the Upper Control Limit. The 
control chart also contains a Control Limit (CL𝑠𝑝), which represents the average service performance value of 
the quality characteristic corresponding to the in-control state. The Control Limit (CL𝑠𝑝) is the middle line in the 
control chart and pictures the company’s performance norm. The lowest horizontal line displayed in the 
control chart is the Lower Control Limit, which refers to the minimal acceptable performance level of 
complaining customers. The process performance is in control if all service performances (represented by 
plotted sample points) fall between the Upper Control Limit (UCL) and the Lower Control Limit (LCL).Display 1 
presents the case study customer complaints performance findings by Chen et al. (2014, p. 7) in their case 
study. The horizontal axis Sample No indicates the 30 sample groups, each comprising 150 customers; the 
vertical axis Service Performance Index specifies the performance level of the customer complaints process by 
the service industry company case.  
 
Display 1 Chen's (2014, p.7) service industry company customer complaints performance findings 
 
 
The control chart shows that one sample group (23) performs beneath the Lower Control Limit. This indicates 
that the complaints process is not fully in control (p. 7). Although control charts are often used in 
manufacturers to monitor production processes, Chen’s service industry control chart has not yet been applied 
to innovative business processes at manufacturers (p. 2). While production processes are directed at machines, 
business processes refer to actors (Lindsay, Downs, & Lunn, 2003, p. 1016). Ettlie and Rosenthal (2011, p. 295) 
argue that a gap exists between the service and manufacturing knowledge domains. Their different paradigms 
make it difficult to transfer knowledge from one to the other (p. 296). The process performances in business 
processes differs from production processes, because these performances are co-determined by the actors 
involved (p. 295). 
 
This investigation transfers the control chart from the service to the manufacturing knowledge domain. It 
covers a case study of a manufacturer in iron products. It is a revelatory case, because it offers an opportunity 
to investigate a phenomenon previously inaccessible for research (Yin, 2014, p. 52). The case organisation is 
referred to as Amelior
1
 for confidentially reasons. It is ISO9001:2008 certified, which sets out the criteria for its 
quality management system.
2
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The key to keeping the ISO-certificate is monitoring and improving business and production processes (Lin & 
Jang, 2008, p. 601). Thus, this is an important item for the board of directors.
3
 For Amelior, the core innovative 
business performance indicators are the customer complaints and the customer deliveries.
3
 The data to 
disclose these performances are registered on a monthly base at Amelior. For the customer complaints 
performance, a sample group of 5,675 complaints is analysed and for the customer deliveries performance 
6,344 customer deliveries from April 2013 to March 2014 (Financial Year 2014). Amelior has set an upper 
acceptable level of complaining customers on 0.56% and for the customer deliveries performance on 15%.
4
 
The quality management review (2014) argues that the customer complaints process is in control because of a 
limited degree of the received customer complaints, while the customer deliveries process is not in control 
because the results are not in line those which were reached for.
4
 
 
Case studies should use multiple sources of data and triangulation of basic content analysis with 
complementary methodologies (Duriau, Reger, and Pfarrer (2007, p. 16). Therefore, next to the control chart 
by Chen et al. (2014), the textual process descriptions of these two processes are analysed as the check-phase 
starts with checking the process descriptions. These process descriptions are analysed by employing the 
Linguistic Inquiry and Word Count: a text analysis program that reveals the use of words in five different 
psychological categories (Tausczik & Pennebaker, 2010, p. 24).The LIWC analysis is based on Robinson, 
Navea, and Ickes (2013, p. 8), who argue that high performance is reflected in a high degree of commas predict 
and low performance is indicated by a high level of common and auxiliary verbs, present tense and personal 
pronouns words. 
 
Thus, this thesis covers a multidimensional perspective to monitor innovative business processes in the check-
phase of the PDCA-cycle. The objective of this thesis is to explore whether the control chart by Chen et al. 
(2014, p. 7) can be transferred from the service to the manufacturing knowledge domain. As indicated before 
Chen et al. (2014, p.13) claim that employing a control chart allows service companies to determine whether 
the quality of processes are at an appropriate company service level. Thus, the main question is: ‘Does the 
claim by Chen et al. (2014, p. 7) that a control chart can be employed to monitor an innovative business 
process in a service-industry company, also hold for a manufacturer?’ 
 
The sub questions of this thesis are: 
1. Can the service-industry control chart by Chen et al. (2014, p. 7) be applied on the customer 
complaints and deliveries processes of this manufacturer case study to evaluate whether these 
processes are in control? 
2. Are the manufacturer control chart findings supported by the LIWC findings regarding the customer 
complaints and deliveries processes of this case study? 
 
Display 2 presents the customer complaints process performance at Amelior for the Financial Year 2014 
(FYE14). The red line indicates the Control Limit (CL𝑠𝑝) and the green and purple lines represent the Upper 
Control Limit (UCL) and the Lower Control Limit (LCL), respectively. The blue line characterizes the calculated  
actual process performance of customers with complaints per month (Sp) at Amelior. 
 
Display 2 Amelior’s customer complaints performance  
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Display 2 shows that the customer complaints performance of this case study can indeed be monitored by 
employing the method of Chen et al (2014, p.6), and that the in control evaluation on the customer complaints 
process at Amelior is in line with Amelior’s quality review (2014). Next, Display 3 presents Amelior’s customer 
deliveries performance. 
 
Display 3 Amelior’s customer deliveries performance 
 
 
Display 3 indicates that the service-industry control chart by Chen et al. (2014, p. 7) can be applied on the 
customer deliveries performance, and that it discloses that the customer deliveries performance of Amelior is 
indeed not in control, in line with Amelior’s quality review (2014). Regarding the second sub question, the 
LIWC findings from the Amelior innovative business processes are compared with the benchmark of Robinson 
et al. (2013, p. 1). The findings of this investigation and of Robinson (2013) are both presented in Display 4. 
Each number reflects the percentage of this word category in a text from the total of words this texts contains. 
 
Display 4 Comparison LIWC  process findings to Robinson (2013, p.7) 
LIWC category Controlled customer 
complaints process 
findings 
Uncontrolled customer 
deliveries process  
findings 
Results Robinson 
high-performance 
(2013) 
Results Robinson 
low-performance  
(2013) 
Common verbs 7.04 10.48 0.06 0.89 
Auxiliary verbs 3.99 7.66 0.02 0.86 
Present tense 3.29 5.24 0.04 0.82 
Commas 2.58 2.42 0.6 0.02 
Personal pronouns 0.47 1.61 0.19 0.46 
 
The LIWC findings of this case study show lower scores for the controlled process than for the uncontrolled 
one on common verbs (ain’t, am, be), auxiliary verbs (be, will, that’s), present tense (go, how’s, look) and 
personal pronouns (he, lets, me) and a higher score on commas (‘,’). These findings are in line with Robinson 
(2013) and therefore support the manufacturer control chart findings. 
 
To conclude, Chen’s (2014) control chart also seems to apply for manufacturers. Following the interpretation 
rules set by Chen (2014, p.11), this thesis shows that it appears possible to evaluate in this way whether 
manufacturer customer complaints and deliveries processes are in or out of control as the findings are in line 
with the outcomes of a quality review. The Robinson (2014) LIWC findings support the difference between the 
controlled and uncontrolled innovative business processes: the more commas and the less common verbs, 
auxiliary verbs, present tenses and personal pronouns in textual process descriptions, the higher the chance 
seems to be that a process is in control. Furthermore, this thesis discloses some remarkable differences 
between the service industry company of Chen et al.(2014) and the manufacturer of this investigation. For the 
customer complaints process of the case manufacturer the complaints norm level is 0.56%, while the service 
industry company of Chen et al. (2014) applies 30%. The norm of customer uncontrolled customer deliveries 
performance set by the case manufacturer is 15%; much higher than the controlled customer complaints norm 
level of 0.56%. This investigation implies that further research should be conducted on the transference of the 
control chart by Chen et al. (2014, p. 7) from the service to the manufacturing knowledge domain. In addition, 
further research is needed on the relationship between process control evaluation and textual process 
descriptions in the check-phase of the Plan-Do-Check-Act-cycle: Also in the manufacturer domain of 
innovative business processes, it is all about check.  
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Preface 
 
‘If you can dream it, you can do it’ (Kortman & Eckstein, 2004, p. 67) 
 
The Master’s thesis is the final part of the Master’s degree at the Faculty Management, Science & Technology 
of the Open University in The Netherlands (OUNL). It consists of an independent scientific research report 
(OUNL, 2014),
5
 as described in Appendix 1. One of the research themes is “Organizational Development from 
a Multidimensional Perspective”.
6
 The focus of this theme is on the comparison of the findings of standard and 
less-used scientific methodologies. This attracts me because in my opinion less-used scientific methodologies 
can be overshadowed by standard ‘popular’ methodologies. This should be not a benefit because standard is 
not always the best. 
 
‘If you can dream it, you can do it’ is a thought I had since I was young. I always dreamt of obtaining a Master’s 
title and I knew that only a few people reached the University Master level when they finished their secondary 
school at a basic-level.
7
 After the secondary school, I started a MBO study Electrical Technics followed by a 
HBO study Business Administration in 2009. All the time, my dream was ahead of me, knowing that improving 
myself continuously would finally lead to Master’s degree. So, continuous improvement has always been an 
important part of my private life.  
 
In my working life as a management trainee at Amelior (a name for confidentiality reasons), learning and 
improving has also been important. My ‘young’ view at Amelior allows me to stimulate continuous 
improvement. The board of directors stimulates continuous organisational improvement by implementation 
of the PDCA-cycle in all projects and processes. The title of this thesis, It’s all about check, indicates that this 
phase is the key in this cycle. To know what exactly is happening in this phase should be provide important 
knowledge how to continuous improve organizational projects and processes. Hence, a multidimensional 
perspective determines if a control chart, to monitor organizational processes in the check-phase of the 
PDCA-cycle, can be transferred from the service to the manufacturing knowledge domain.  
 
To come up with this specific domain, a systems constellation was conducted on November 8, 2013. Because 
nobody knew anything about my personal situation, it was confronting to experience that the stand-ins really 
reflected my situation. It made clear to me that my original investigation idea about combining the PDCA-
cycle, Kaizen and a Kaizen questionnaire would not be an effective combination. It clarified that the focus 
should be on the PDCA-cycle, because the ‘PDCA-cycle’ stand-in was attractive to the stand-ins of ‘myself’ and 
‘successfully finished thesis’.   
 
Finally, I thank my friends and family for their support in ‘You can do it’. Especially, I am grateful to my lovely 
girlfriend, Francine, who supported me with lots of love, hugs, cups of tea and endless patience. Francine, 
from now on I have more time to do all the things we like to do. Furthermore, I thank my parents who 
supported me in all the studies I have done. They learned me to put trust in myself, to set targets and never 
give up.  
 
From the OUNL, I thank Wim Jurg. Wim, your enthusiasm, trust, positive Skype-sessions and critical feedback 
gave me the opportunity to realize my dream. Thanks for it, from now on I would never forget to check what it 
is all about! I am also grateful to reviewer Mr. Becker for his constructive feedback. 
 
Finally, for you as reader of this Master’s thesis, I hope you will enjoy reading and I would appreciate your 
comments, which you can send to lvanderzwan8@gmail.com. 
 
Leroy van der Zwan 
Zoetermeer, December 10th, 2014. 
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1. Introduction 
 
This thesis covers the monitoring of innovative business processes in the check-phase of the Plan-Do-Check-
Act-cycle by employing a control chart. The objective of this thesis is to explore whether the control chart 
employed by Chen et al. (2014, p.7) can be transferred from the service to the manufacturing knowledge 
domain. This introduction presents the research field (1.1), the multidimensional perspective (1.2), the thesis 
theme (1.3), the thesis problem (1.4) and an overview (1.5).  
1.1 Research field 
 
The Plan-Do-Check-Act-cycle and the check-phase are described in subsection 1.1.1. Subsection 1.1.2 focuses 
on the control chart. This subsection closes with the theoretical relevance (1.1.3) and the practical relevance 
(1.1.4). 
1.1.1 Plan-Do-Check-Act-cycle 
 
The Plan-Do-Check-Act-cycle, also called Deming-cycle, is a quality management device for monitoring and 
improving innovative business processes (Maruta, 2012, p. 205). Quan and Baharudin (2013, p. 123) argue that 
this PDCA-cycle can improve both production and service processes. Spending time in each stage of the 
PDCA-cycle is imperative to having a smooth and meaningful quality improvement process. The four main 
phases of the cycle are Plan, Do, Check and Act as presented in Display 5.  
 
Display 5 Plan-Do-Check-Act-cycle
8
 
 
 
In the plan-phase, an organization designs the improvement of their innovative business process by 
determining what is exactly wrong with the process as it stands (Lee, 2002, p. 147). Once the plan has been 
created, the organization moves into the do-phase where the changes described in the plan-phase are put into 
action on a small scale. Then, in the check-phase the effectiveness and performance of the innovative business 
process is monitored by evaluating whether the small-scale changes have achieved the desired results (p. 147). 
If these changes do not produce the desired results, the organization goes back to the plan-phase. When these 
changes produce the desired results, the organization moves into the final stage of the cycle, the act-phase 
were the changes are implemented on a larger scale (Grosshuesch, 2010, p. 8).  
 
Thus, the objective of the check-phase is to monitor the effectiveness of innovative business processes (Lee, 
2002, p. 147); (Montgomery, 2007, p. 21). To assist managers in monitoring innovative business processes a 
control chart has been developed to monitor these processes in the check-phase (Oakland, 2008, p. 70). This 
control chart displays information to monitor whether a process is in or out of control (Wilcox, 2004, p. 163).   
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1.1.2 Control chart 
 
Chen et al. (2014, p. 7) claim that employing a control chart allows service companies to determine whether 
the quality of an innovative business process is at an appropriate company service level. Montgomery (2007, p. 
186) define a process as a system with inputs and outputs. The status of a process can be measured with a 
control chart as presented in Display 6. 
 
Display 6 Process and measurement (Montgomery, 2007, p.186) 
 
 
The purpose of the control chart is to detect changes in the performance of a process (Chen et al., 2014, p. 3). 
A control chart is produced by plotting data points, or averages of groups of data points, in time sequence and 
adding a statistically derived performance mean and control limits to the chart. It is used in the manufacturing 
industry to assist managers in quality assurance. In other words, it allows managers to monitor the quality and 
variability of a process over time to be assessed (Gravois, 2007, p. 9). A control chart illustrates the 
performance of a process as the example illustrated in Display 7 (Oakland, 2008, p. 79).  
 
Display 7 Control chart 
 
 
 
Display 7 presents an UCL, CL and LCL and a blue line. The green line represents the Upper Control Limit (UCL) 
in this investigation, which is the upper acceptable level of complaining customers. The control chart also 
contains a red Control Limit (CL) line, which represents the average service performance value of the quality 
characteristic corresponding to the in-control state. The Control Limit (CL) is the middle line in a control chart 
and pictures the company performance to be achieved. The CL is an average number because the total 
number of customers encountered each month may differ. The maximum value of CL happens to be one, the 
most encouraging result where no single complaint take place (Chen & Yang, 2000, p. 674) The lowest 
horizontal purple line displayed in the control chart is the Lower Control Limit (LCL) which refers to the 
minimal acceptable performance level of complaining customers. By calculating the UCL, CL and LCL it is 
possible to indicate the variability of a process to determine if the current process level meets the standards 
(Montgomery, 2007, p. 182). The blue line characterizes the calculated actual customer complaints 
performance per month (Sp) at Amelior. The process performance is in control if all plotted sample points fall 
between Upper Control Limit (UCL) and the Lower Control Limits (LCL) (p. 182). As the control chart shows 
that one sample group performs beneath the Lower Control Limit, this business process is not fully in control 
(p. 7).  
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1.1.3 Theoretical relevance 
 
Chen et al. (2014, p. 7) report about a control chart to monitor business service processes in a service industry 
company to ensure that those processes can be maintained in the act-phase. Although control charts are often 
used in manufacturers to monitor production processes, Chen’s service industry control chart has not yet been 
applied to business processes at manufacturers (p. 2). While production processes are directed at machines, 
business processes refer to actors (Lindsay et al., 2003, p. 1016). Ettlie and Rosenthal (2011, p. 295) argue that a 
gap exists between the service and manufacturing knowledge domains. Their different paradigms make it 
difficult to transfer knowledge from one to the other (p. 296). The process measurement in service industry 
companies differs from manufacturers, because performances are co-determined by the actors involved (p. 
295). However, these data are generally not accessible. As Amelior rigorously records customer complaints 
and  deliveries data, these  can be applied to test this transfer. Hence, this investigation transfers the control 
chart from the service industry to the manufacturing knowledge domain. This is called application spotting: It 
reveals a shortage of a particular theory in a specific area of research and provides a new perspective to further 
understanding of the particular subject matter in question (Sandberg & Alvesson, 2011, p. 31). Transferring the 
control chart from the service domain to the manufacturing domain can be seen as first-step because of the 
recent publication date of Chen’s et al. (2014) study.  
1.1.4 Practical relevance 
 
Quan and Baharudin (2013, p. 123) argue that the Plan-Do-Check-Act cycle especially supports the 
improvement of production and service processes. The key phase is the check-phase (Lee & Dale, 1999, p. 
501). A clear check is an important for continuous improvement of these processes.
4
 Without a proper check, it 
is difficult to have a clear view in the act-phase about the process improvements to act on. The Plan-Do-
Check-Act-cycle cannot be closed in the act-phase without a clear check.  
 
The procedure to get effective results from the check-phase seems missing in ISO9001:2008 certified 
manufacturers (Al-Rawahi & Bashir, 2011, p. 683). The ISO9001:2008 certificate sets out the criteria for its 
quality management system.
9
 The key to keeping the ISO-certificate is monitoring and improving 
organizational processes (Lin & Jang, 2008, p. 601).Chen et al. (2014, p. 13) argue that monitoring process 
performance is crucial for managers. To assist managers in monitoring these performances, a service quality 
control chart has been developed (Oakland, 2008, p. 70). This control chart displays information to disclose 
whether a process is in or out of control (Wilcox, 2004, p. 163). Chen (2014, p.13) claims that with the use of a 
control chart it is possible to determine whether the innovative business processes are at the appropriate level. 
In the service domain, this model provides managers instant feedback regarding the quality of these 
processes. If this model  and the control chart can be transferred also to a manufacturer domain, is analysed in 
this investigation.  
1.2 Multidimensional perspective 
 
As indicated in 1.1.2, Chen et al. (2014, p.13) claim that employing a control chart allows service companies to 
determine whether the innovative business processes are at an appropriate level. Duriau et al. (2007, p. 16) 
argue that this should be done by using multiple sources of data, triangulation of basic content analysis with 
complementary methodologies and by introducing sophisticated techniques. The use of different sources of 
data are the input for a triangulation with complementary methodologies to augment the validity of the 
analysis. This investigation covers a revelatory case study as it includes a real-life situation that social scientists 
have not been able to study in the past (Yin, 2014, p. 237). It explores if Chen’s control chart can be employed 
in a manufacturing domain to monitor innovative processes through a triangulation of different data methods. 
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1.3 Thesis theme 
 
The Faculty of Management, Science & Technology of the Open University in The Netherland offers students 
the opportunity to write their Master thesis within the theme ‘Organizational Development from a 
Multidimensional Perspective’ (OD-MP)
10
. A multidimensional perspective
11
 employs two or more qualitative 
methods, two or more quantitative method, or a combination of qualitative and quantitative methods to 
generate a more complete understanding of the world, based on Bradbury and Lichtenstein (2000, p. 562). In 
addition to measuring the customer complaints and deliveries processes with a control chart, in line with the 
OD-MP theme, the textual process descriptions of these two processes are analysed by employing the 
‘Linguistic Inquiry and Word Count’ (LIWC): a text analysis program that count words in psychological 
categories (Tausczik & Pennebaker, 2010, p. 24).
12
 The text analysis application LIWC is developed to provide 
an efficient and effective method for studying the various emotional, cognitive and structural components 
present in texts.  
1.4 Thesis problem 
 
A thesis problem consists of an objective, a main question and sub questions (Jurg, 2010, p. 7). First, the thesis 
objective is presented (1.4.1). Next, the main and sub questions are introduced (1.4.2). 
1.4.1 Thesis objective 
 
The thesis objective describes what has to be reached with the thesis (Baarda, De Goede, & Teunissen, 2005, p. 
29). The objective of this thesis is to explore whether the control chart by Chen et al. (2014, p. 7) can be 
transferred from the service to the manufacturing domain.  
1.4.2 Thesis questions 
 
In this thesis the main question consists of two specific sub questions which together answer the main question 
(p. 34). The main question of this thesis is:  
 
Does the claim by Chen et al. (2014, p. 7) that a control chart can be employed to monitor an innovative 
business processes in a service-industry company, also hold for a manufacturer? 
 
The sub questions of this thesis are: 
 
1. Can the service-industry control chart by Chen et al. (2014, p. 7) be applied on the customer 
complaints and deliveries processes of this manufacturer case study to evaluate whether these 
processes are in control? 
2. Are the manufacturer control chart findings supported by the LIWC findings regarding the customer 
complaints and deliveries processes of this case study? 
1.5 Overview 
 
Chapter 2 covers the literature review. The aim of this review is to disclose whether the key literature puts 
similar claims as Chen et al. (2014) do. Chapter 3 presents the methodology, which covers the choices  made 
about the research strategy and methods of data collection and data analysis. Chapter 4 presents the control 
chart findings and the findings of the LIWC-analysis. Chapter 5 closes this thesis with an evaluation of this 
investigation.  
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2. Literature review 
 
This chapter presents the literature review based on Wolfswinkel, Furtmueller, and Wilderom (2013, p. 1), 
recommended within the Master Thesis theme “Organizational Development from a Multidimensional 
Perspective” (OD-MP) and initiated by Schaap (2014). The general aim of such a review is to disclose whether 
the key literature puts similar claims as the article referred to in the main question; in this case, Chen et al. 
(2014). As argued in subsection 1.1.3, the main claim of Chen et al. (2014) is that  control charts allow 
organizations to determine whether innovative business processes are at the appropriate level. However, no 
other studies have investigated this claim before. Hence, the focus of this literature review could not cover a 
comparison of this claim with the key literature. Therefore, the focus of this literature review is on the support 
in the literature on the monitoring and control chart claims identified by Chen et al. (2014): monitoring is 
important for service quality; it can help managers to maintain service quality; and, service quality can be 
employed in a control chart (see Appendix 2, subsection A2.2.3). Thus, the specific aim of this literature review 
is to disclose whether these specific claims by Chen et al. (2014) are supported in the key literature to reveal 
whether the notions of Chen et al. (2014) are generally supported.  
 
Therefore, not only the claims are compared both also the conceptualizations and the methodologies. This 
chapter present the Search stage (2.1), followed by the Analyse stage (2.2) which is divided into four parts 
following (Ghauri & Grønhaug, 2005)
13
: 
1) Conceptual literature review: the concepts of the project success factors as perceived by stakeholders, more 
specific the sponsor stakeholder (2.2.1) 
2)Theoretical review: a comparison of theories in the articles selected (2.2.2) 
3) Methodological review: the methodologies employed in the selected publications (2.2.3) 
4) Integrative review: a comparison of the findings on the articles selected (2.2.4). 
This literature review closes with an overview (2.2.5). A full and more detailed description of this literature 
review is presented in Appendix 2. 
2.1 Search stage 
 
Following the OD-MP theme’s approach of Wolfswinkel et al. (2013, p. 1) about conducting a literature review, 
this section contains the Define stage (2.1.1) and the Search & Select stage (2.1.2). 
2.1.1 Define stage 
 
The Define stage follows four steps presented in Display 8  as recommended by Wolfswinkel et al. (2013, p. 3). 
First, the criteria for inclusion are selected; second, the identification of the research field is covered; third, the 
appropriate sources from the selected journals are determined; fourth, the different search terms are 
formulated (Wolfswinkel et al., 2013, p. 4). These steps are substantiated in Appendix 2, subsection A2.1.1. 
Display 8 summarizes the criteria employed in the four steps of the define stage. 
 
Display 8 Define stage step and criteria of literature review 
Steps Criteria 
1. Criteria for inclusion 
Publication types Academic Journal articles 
Time frame 2013-2014 
Impact factor list journal articles Master Journal List of Thomson Reuters
14
 
Language English 
2. Identification of research field 
Knowledge domain Monitoring innovative business processes 
3. Determination of appropriate sources 
Internet source Google Scholar 
4. Decision on specific search terms 
Search terms ‘Innovative business process,’ ‘monitoring,’ 
’customer complaint’ and ‘customer delivery.’ 
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2.1.2 Search & select stages 
 
The select stage refines the  articles found in the search stage (Wolfswinkel et al., 2013, p. 2). The summaries, 
conclusions and recommendations of these articles were scanned on monitoring and measuring business 
processes. This was done following Erren, Cullen, and Erren (2009, p. 278) who include ten advices to help 
what scientific papers to read and how to read them. Following Erren et al. (2009, p. 278) is an addition to the 
standard literature review process within OD-MP. Display 9 presents the selected articles, based on: years of 
publications, authors, titles, journals and the impact factors for the article publication selection, based on 
Wolfswinkel et al. (2013).  
 
Display 9 Years, authors, titles, articles and impact factors 
Years Authors Titles Journals Impact factors 
2014 Chen et al. Developing control charts in 
monitoring service quality based on 
the number of customer complaints 
Journal of Total Quality 
Management & Business Excellence 
0.894 
2009 Utley & May Monitoring service quality with 
residuals control charts 
Journal of Managing Service Quality 0.778 
2009 Franceschini 
et al. 
Service quality monitoring by 
performance indicators: a proposal 
for structured methodology 
International Journal Services and 
Operations Management 
1.864 
2003 Hung et al. Service quality evaluation by service 
quality performance matrix 
Journal of Total Quality 
Management & Business Excellence 
0.894 
 
Thus, Utley and May (2009), Franceschini, Galetto, and Turina (2009) and Hung, Huang, and Chen (2003) are 
considered to be the key literature for this investigation. Therefore, these are the articles Chen et al. (2014) are 
compared with. 
2.2 Analyse stage 
 
The analyse stage of this literature review is  guide for theoretical sensitivity (Wolfswinkel et al., 2013, p. 8). 
This paragraph is divided into five sub-paragraphs: a conceptual (2.2.1), methodological (2.2.2), integrative 
(2.2.3) and theoretical review (2.2.4), based on Ghauri and Grønhaug (2005, p. 52). Finally, an overview is 
presented (2.2.5). 
2.2.1 Conceptual review 
 
Webster and Watson (2002, p. 16) argue that for structuring a review, concepts determine the organizing 
models. In other words, a literature review is concept-centric. To synthesize the literature, a transition is made 
from author-centric to concept-centric in a compiled concept matrix (p. 17). This is substantiated in Appendix 
2, subsection A2.2.1. Display 1o presents the conceptualizations of ‘monitoring’ in the selected publications 
and the most frequently used key terms, while Display 11 presents the conceptualizations of ‘control chart’. 
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Display 10 Conceptualizations of ‘monitoring’ 
Publications Conceptualizations  
of monitoring 
Key terms 
Industry Method Organization Performance Process Service 
Chen  
(2014, 3) 
Method to provide a 
number of service 
variables to control 
process performance 
x x  x x x 
Utley & May 
(2009, 176) 
Method to analyse 
process output quality to 
get an overview about 
the computation of the 
performance of 
correlated service 
 x x x x x 
Franceschini 
et al.  
(2009, 253) 
Objective empirical 
function to collect 
information about the 
process performance of 
an organization 
 x x x x x 
Hung et al. 
(2003, 80) 
Method to determine 
the priorities for critical 
service elements to 
improve service quality 
performance 
x x  x  x. 
 
Display 10 shows that Chen et al. (2014, p. 3) definition of monitoring as a method to provide a number of 
service variables to control process performance is in line with the conceptualizations of Utley and May (2009, 
p. 163) and Hung et al. (2003, p. 80). It differs from the conceptualization of Franceschini et al. (2009, p. 253), 
who state that monitoring is an objective function. The display shows as similar key terms in the four 
publications ‘method,’ ‘performance’ and ‘service’. A difference is that Chen (2014) and Hung (2003) employ 
the words ‘industry’ and ‘organization,’ which are not used by Utley and May (2009) and Franceschini et al. 
(2009).  
 
Display 11 presents the conceptualizations of ‘control chart’ in the selected publications and the most 
frequently used key terms. 
 
Display 11 Conceptualizations of ‘control chart’ 
Publications Conceptualizations  
of control chart 
Key terms 
Device Production Process Manufacturing 
Chen et al. (2014, p.2) A control chart is a device to 
control production process 
performance in the 
manufacturing industry 
x x x x 
Utley and May (2009, p.163) A control chart is a device 
which can be used to analyse 
the output production of a 
manufacturing process 
x x x x 
Franceschini et al. (2009) - - - - - 
Hung et al. (2003) - - - - - 
 
Display 11 shows that Chen et al. (2014, p. 2) employs the same key terms in  their definition of control chart as 
Utley and May (2009, p. 163): ‘device,’ ‘production,’ ‘process’ and ‘manufacturing’. They similarly define a 
control chart as a device which can be used to analyse the output production of a manufacturing process. The 
publications of Franceschini et al. (2009) and Hung et al. (2003) include no characterisation of a control chart. 
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2.2.2 Theoretical review 
 
In this subsection a theoretical literature review is presented, which is an analysis of the conceptual models 
(Maggioni, 2002, p. 63). This subsection presents the relationship between the concepts in the conceptual 
models and a comparison of these conceptual models. This is substantiated more in detail in Appendix 2, 
subsection A2.2.4. 
 
This subsection focus on the relationships between the concepts: the conceptual model (Miles, Huberman, & 
Saldaña, 2013, p. 293). Chen et al. (2014, p. 12) display a conceptual model based on the operation procedure 
of a control chart. Franceschini et al. (2009, p.257) refer to their conceptual model as the House of Quality, 
while Utley and May (2009) and Hung et al. (2003) don’t report a conceptual model. Display 12 presents the 
conceptual model by Chen et al. (2014, p. 12). 
 
Display 12 Operation procedure of a control chart (Chen et al.,2014, p.12) 
 
 
Display 12 indicates how to continue monitoring the quality of service processes when it is under control and 
stable. Chen et al. (2014, p. 83) argue two different ways of monitoring when the control chart; 1) show a 
downward deviation of the sample point; 2) an upward deviation of the sample points.  
 
Franceschini et al. (2009, p. 257) refer to the House of Quality, as presented in Display 13. 
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Display 13 House of Quality (Franceschini et al., 2009, p.257) 
 
 
Display 13 shows that the ‘House of Quality’ aims to translate customer requirements regarding service 
process quality into process control requirements by following seven steps. None of the concepts in this 
conceptual model are included in the conceptual model of Chen et al. 
 
Next, Display 14 compares these conceptual models based on the cornerstone analysis by Dubois and Gadde 
(2002). It presents the publications, names, functions, theories, cases and empirical worlds. 
 
Display 14 Comparison conceptual models of Chen (2014) and Franceschini (2009), based on Dubois and Gadde (2002) 
Publication Names Functions Theories Cases Empirical worlds 
Chen (2014) Operation 
procedure 
Operational 
improvement 
procedure for a 
control chart which 
indicates an in 
control process 
Model for quality 
managers to indicate 
which improvement 
measures can be 
implemented to enhance 
the quality of service 
processes 
1) Organizational 
process data 
2) Calculated 
Service 
performance 
index data 
1) Management 
experience of the 
current service 
quality level 
2) Strategic view 
of a process 
Franceschini 
(2009) 
House of 
Quality 
A House of Quality 
analyse the 
customer needs 
and technical 
characteristics of 
processes  
Model for quality 
managers to translate 
important customer 
requirements regarding 
service process quality 
into process control 
requirements 
1) Organizational 
Process 
characteristics 
2) technical 
performance level 
of process 
characteristics 
1) Indication of 
the customer 
perceptions of 
service quality 
process. 
  
Display 14 shows that the function of Chen’s (2014) conceptual model is an operational improvement 
procedure to indicate whether a process is  in control. The conceptual model of Franceschini (2009), House of 
quality, is a model to analyse the customer needs and technical characteristics of processes. Thus, both 
models have different functions. Both models are also built on different theories. While the model of Chen 
(2014) can be used by quality managers to indicate which improvement measures can be implemented to 
enhance the quality of service processes, the model of Franceschini (2009) is employed by quality managers to 
translate important customer requirements regarding service process quality into process control 
requirements. The theoretical data which is needed for the model of Chen (2014) includes business process 
data and a calculated service performance index. Franceschini’s (2009) model needs theoretical data about 
process characteristics and a technical performance level of the process characteristics. From the empirical 
world side, management experience is necessary about the current service level and knowledge is needed 
about the strategic view of a process to use the model of Chen (2014). For the model of Franceschini (2009), 
customer perceptions of service quality processes are needed. 
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2.2.3 Methodological review 
 
Randolph (2009, p. 2) argue that a methodological review concentrates on research methods. It is a crucial 
endeavour for a research which has to be structured systematically (Webster & Watson, 2002, p. 15). Display 
15 presents the authors and years of publication, types of study, data collection methods, data analysis 
methods, respondents, contexts and backward/forward references. This is substantiated more in detail in 
Appendix 2, subsection A2.2.2. 
 
Display 15 Methodological literature review on monitoring 
Authors 
(Year) 
Types 
of study 
Data 
collection 
methods 
Data analysis 
methods 
Respon-
dents 
Contexts Backward 
references 
Forward 
references 
Chen et al. 
(2014) 
Des-
criptive 
Registered 
company 
data 
Timely calculation 
of customer 
performance index 
and monitored in 
control chart 
4.500 Service 
company 
31 0 
Utley and 
May (2009) 
Des-
criptive  
Registered 
company 
data  
Performance 
comparison of 
Least Absolute 
Value regression 
and a control chart 
13.013 Cellular 
phone 
company 
25 4 
Franceschini 
et al. (2009) 
Des-
criptive  
Registered 
company 
data 
Mapping of 
performance 
indicators  
1.703 Helpdesk of a 
broadcasting 
company 
37 19 
Hung et al. 
(2003) 
Des-
criptive  
Question-
naires 
Calculation of 
satisfaction index 
and expectation 
index combined in a 
service quality 
performance matrix 
160 Service 
organization 
18 122 
 
Display 15 shows that like Chen et al. (2014), the other key publications are descriptive. In line with Chen et al. 
(2014), Utley and May (2009) and Franceschini et al. (2009) use registered company data, in contrast with 
Hung et al. (2003) who use questionnaires as data collection method. Chen (2014) employ a control chart, 
while Utley and May (2009) use Least Absolute Value regression and a control chart. Chen et al. (2014) include 
less respondents than Utley and May (4.500 versus 13.013), but more than Franceschini (1.703 and 160, 
respectively). While Chen et al. (2014) include a sample group of a service company, Utley and May cover a 
cellular phone company, Franceschini (2009) a broadcasting company and Hung (2003) a service organization. 
Chen et al. (2014) employ less references than Franceschini et al. (31 versus 37), but more than Utley and May 
and Hung (25 and 18, respectively). Whereas Chen et al. is not cited, Utley and May are cited 4 times, 
Franceschini (2009) 19 times and Hung (2003) 122 times. However, the lack of references to Chen et al. seems 
due to their recent publication date. 
2.2.4 Integrative review 
 
An integrative review is a specific review method that summarizes literature to provide a more comprehensive 
understanding of a particular problem (Whittemore & Knafl, 2005, p. 546). The goal of an integrative review is 
to compare claims, which De Groot and van Zanten (2008, p. 17) conceptualize as what ultimately is being 
asserted based on the available information. De Groot and van Zanten (2008, p. 17) argue that claims are 
presented in a text with indicator words such as ‘thus,’ ‘therefore,’ ‘follows’ and ‘conclude’. Within the article of 
Chen et al. (2014), a text search is done on these indicator words. The claims which are identified in Chen et al. 
(2014) are presented in Display 16. The systematic analysis of the integrative review is presented more 
comprehensively in Appendix 2, subsection A2.2.3. 
 
  
20 
 
It is all about Check 
Display 16 Claims by Chen et al. (2014) 
# Claims 
1 Monitoring is important for service quality processes (p. 2) 
2 Monitoring and maintaining service quality processes with a control chart can help company management (p. 3) 
3 The control chart is a device to monitor service quality processes (p. 10). 
 
Display 16 shows that in total three claims are identified in Chen (2014): monitoring is important for service 
quality; it can help managers to maintain service quality; and, service quality can be employed in a control 
chart.  
 
The claims of Chen et al. (2014) on monitoring are compared in Display 17 with the inferences of Utley and May 
(2009), Franceschini et al. (2009) and Hung et al. (2003) in order to investigate if the claims are supported. The 
first column covers the publications; the next three columns present if the claims by Chen (2014) are supported 
by Utley and May (2009), Franceschini (2009) or Hung (2003). 
 
Display 17 Integrative literature review on ‘monitoring’ 
Publication Monitoring is 
important for service 
quality processes 
Monitoring and maintaining service 
quality processes with a control chart 
can help company management 
The control chart is a 
device to monitor 
service quality processes 
Utley and May (2009) Yes No Yes 
Franceschini (2009) Yes No No 
Hung (2003) Yes Yes No. 
 
Utley and May (2009), Franceschini (2009) and Hung (2003) all support the claim by Chen (2014) that 
‘monitoring is important for service quality processes’. The claim of Chen (2014) that ‘monitoring and 
maintaining service quality processes with a control chart can help company management’ is supported by 
Hung (2003). Utley and May (2009) support the claim of Chen (2014) that ‘the control chart is a device to 
monitor service quality processes’. 
2.2.5 Overview 
 
The integrative review (2.2.4) indicates that the claim of Chen et al. (2014) about ‘monitoring is important for 
service quality processes’ is supported by Utley and May (2009), Franceschini (2009) and Hung (2003). As 
presented in the conceptual review (2.2.1), the definition of monitoring as a method to provide a number of 
service variables to control process performance, is in line with the conceptualizations of Utley and May (2009) 
and Hung (2003). However, it is not explicitly shared by Franceschini (2009). Furthermore, the theoretical 
review displays that Chen (2014) and Franceschini (2009) include different concepts, functions, theories and 
data in their conceptual models; while Hung as well as Utley and May not even specify their conceptual 
models. The methodological review demonstrates that in line with the claims by Chen et al. (2014), the claims 
are based on descriptive studies rather than hypothesis testing. In line with the studies of Chen et al. (2014), 
Utley and May (2009) and Franceschini (2009), these descriptions are based on registered company data, 
while Hung (2003) is based on questionnaires as data collection method. Overall,  the support in the key 
literature of Chen at al. ’s claim that ‘monitoring is important for service quality processes’ is limited.  
 
The claim that ‘monitoring quality processes can help company management’ is only supported by Hung 
(2003). Hung (2003) applies the same conceptualization of  monitoring as Chen (2014), as presented in 
subsection 2.2.1. However, Hung (2003) doesn’t explicit the context in the form of a conceptual model, which 
limits his support of this claim from Chen et al. (2014). The claim that ‘monitoring is a device to monitor service 
quality processes’ is only supported by Utley and May (2009). However, Utley and May (2009) do not describe 
a conceptual model. Hence, it is not possible to assess the context, which limits their support of this claim. 
 
To conclude, the support for the claims on monitoring and control charts by Chen et al. (2014) is limited in the 
key literature, indicating that his notions on this subject are not shared in the key literature.  
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3. Methodology 
 
In this chapter the methodology for this case study is presented. A methodology covers the choices  made 
about the research strategy and methods of data collection and data analysis (Silverman, 2013, p. 126). This 
methodology chapter presents first the research strategy (3.1), a case description (3.2), the data collection 
(3.3), the data analysis (3.4) and finally the benchmark of Robinson et al. (2013)  (3.5).
15
 
3.1 Research strategy 
 
De Leeuw (2001, p. 78) discuss two types of research which are often used by researchers; explorative research 
and testing research. Explorative research is used for research within a relative unknown domain, while testing 
research employ a critical test of the hypothesis found in the explorative research. As described in sub section 
1.1.1, the control chart is frequently used in the manufacturing domain to monitor production based 
processes. Exploring if the service-industry domain method of  Chen et al. (2014, p. 7) can be transferred to the 
manufacturing domain to analyse organizational service quality processes, is done by triangulating (Yin, 2014, 
p. 121). 
 
Yin (2014, 51) argues that a case study is analogous to an experiment. A rationale for single-case study is the 
revelatory case which is presented in this investigation, because an opportunity exist to observe and analyse a 
phenomenon previously inaccessible for research (52). In this investigation, the phenomenon is the monitoring 
concept of innovative business processes. To conclude, the research strategy is to explore if the control chart 
can be employed in a manufacturing domain to monitor innovative business processes in the check-phase of 
the PDCA-cycle through a triangulation of different data methods, within a holistic revelatory single-case 
study.  
 
According to Yin (2014, p. 70), the development of a case study protocol is important to guide the data 
collection, especially if the study covers a single case. To collect data there are two options, as argued by 
Ghauri and Grønhaug (2005, p. 78). The first option, primary data, are data collected for the research problem 
at hand. The second option, is secondary data which were already collected by others such as information 
about organizational processes. In this investigation secondary data are used. 
3.2 Case description 
 
This case study covers a manufacturer of iron products and is referred to as Amelior for confidential reasons. 
Within the organization of Amelior continuous improvement of business processes is an important item for 
the board of directors. Since 2007 the organization is ISO 9001:2008 certified, which set out the criteria for a 
quality management system.
16
 A main part to keep the ISO-certificate is to continue improving business 
processes, which is thus an important item for the board of directors.
17
 To monitor and improve the business 
processes of Amelior, the PDCA-cycle must be implemented at all levels within the organization to define, 
monitor and improve corrective actions and enhancements. Despite the desire of the board to implement this 
PDCA-cycle in all business processes, it has the impression that the whole organization does not work this 
way.
18 
How to get effective results out of the check-phase, is missing. Thus, the PDCA-circle is not closed, 
which is an important lack for the standardization of continuous improvement of processes and an indication 
that continuous improvement of the business processes is not optimal (Berger, 1997, p. 111). Devices to 
monitor processes about e.g. customer complaints need to be more developed to set transparent 
departmental objectives which can be integrated into the PDCA-cycle. For Amelior, the key customer 
satisfaction indicators are the customer complaints  and deliveries processes.
16
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3.3 Data Collection 
 
First, the organizational process data are presented (3.3.1); and second, the organizational process description 
data (3.2.2). 
3.3.1 Innovative organizational process data 
 
As described in subsection 1.4.2 Thesis questions, the first sub question is about applying the service-
industry control chart by Chen et al. (2014, p. 7) on the customer complaints and deliveries processes of 
Amelior. Chen et al. (2014, p. 673) describe how the ratio of the number of customers with complaints to the 
total number of customers encountered in a given period is used to measure the performance of the customer 
complaints process. For Amelior, the core business process indicators are the customer complaints and deliveries 
performances.
3
 In particular, the processes of such indicators need more attention to get a more detailed view 
on the business processes (Chen & Yang, 2000, p. 671).
 
Hence, the data of both processes are used in this 
investigation.
 
For Amelior these measures are key business process indicators.
3
 
 
The data use in the study of Chen (2014) is from a random not specified period. For this investigation the data 
is collected in a given period of one complete financial year, namely 2013, and is separated per month. This 
year contains the most recent available data, which are registered per month at Amelior. An overview of the 
frequency of data registrations, functions and types of data is presented in Display 18. The first column 
displays the processes, the second column is the registering period of the data, the fourth is employing the 
functions of the data registrations and the fifth column presents the types of data. 
 
Display 18 Processes, registrations, functions and types of data 
Processes Period registered Data registration functions Types  of data 
Customer 
complaints 
April 2013 March 2014 Counting the total registered number of 
customers with complaints 
Numerical 
Customer 
deliveries 
April 2013 March 2014 Counting the total goods which were not 
delivered on the date agreed at the customer 
Numerical. 
3.3.2 Organizational process data 
 
As described in subsection 1.4.2 Thesis questions the second sub question is about comparing the control 
chart findings to the LIWC findings regarding the customer complaints and deliveries processes of this case 
study. The study of Robinson et al. (2013) is used in this investigation as benchmark, who uses self-written 
introductions of students. This investigation employs organisational process descriptions of Amelior which are 
self-written by the quality manager in a flowchart. A flowchart is a formalised graphic structured 
representation of a work or manufacturing sequence (Aguilar-Saven, 2004, p. 134). The activity content of 
every step of the process sequence is described to make clear how the different steps are put together. This is 
substantiated in Appendix 3. These descriptions are used to analyse the business processes of customer 
complaints and deliveries performances. An overview of the frequency of data registrations, functions and 
types of data is employed in Display 19. The first column present the processes, the second and third columns 
when the data are registered, the fourth is employing the functions of the data registration and the fifth 
column present the types of data. 
 
Display 19 Processes, registrations, functions and types of process data 
Processes Periods registered Data registration functions Types of data 
Customer 
complaints 
April 2013 - March 2014 Content description of the customer 
complaints process per step 
Textual 
Customer 
deliveries  
April 2013 - March 2014 Content description of the customer 
deliveries performance process per step 
Textual. 
  
23 
 
It is all about Check 
3.4 Data analysis 
 
The analysis of a case study consists of examining, categorizing, tabulating, testing or otherwise recombining 
evidence to produce empirically based findings  (Yin, 2014, p. 132).This analysis uses quantitative data. First 
control chart analysis is presented (3.4.1) and second the LIWC analysis (3.4.2). 
3.4.1 Control chart analysis 
 
In line with Chen et al. (2014), first the Upper Control Limit (UCL), then the Control Limit (CL𝑠𝑝) and Lower 
Control Limit (LCL) are calculated. An overview of abbreviations, descriptions and formulas used to calculate 
the UCL, CL𝑠𝑝 and LCL for the customer complaints process performance are presented in Display 20. 
 
Display 20 Abbreviations and descriptions used to calculate the customer complaints service performance index 
Abbreviations Descriptions Formulas 
𝑃 Actual level of 
customers with 
complaints 
𝑃 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑐𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑒𝑑
 
 
𝑃𝑜 The upper limit of the 
level of complaining 
customers set by the 
company  
𝑃𝑜= 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟∗𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ
𝑇𝑜𝑡𝑎𝑙 𝑜𝑟𝑑𝑒𝑟 𝑙𝑖𝑛𝑒𝑠 𝑠𝑒𝑛𝑑
*100 
 
CL𝑠𝑝  
Average service 
performance index. 
Also called: Uniformly 
Minimum Variance 
Unbiased Estimator
19
 
𝐶𝐿𝑠𝑝 =
1
𝑚
×  ∑ S̅
𝑚
i=1
𝑝
𝑖
 
m Number of sample 
groups 
- 
n Comprising sample 
group 
- 
UCL Upper Control Limit  
UCL = 𝐶𝐿𝑠𝑝+ 3 √(1 −  𝐶𝐿𝑠𝑝)[1-Po(1 - 𝐶𝐿𝑠𝑝)] 
n Po 
LCL Lower Control Limit  
LCL = 𝐶𝐿𝑠𝑝 - 3 √(1 −  𝐶𝐿𝑠𝑝)[1-Po(1 - 𝐶𝐿𝑠𝑝)] 
n Po 
 
To set up a control chart to define if a process is in or out of control, the formulas presented in Display 20 are 
used. The number of samples m and comprising samples groups n is standard company data. These data is 
used in the formulas, therefore the abbreviations are explained in Display 20. 
 
For the customer deliveries process, first the Upper Control Limit (UCL), then the Control Limit (CL𝑠𝑝) and 
Lower Control Limit (LCL) are calculated. An overview of abbreviations, descriptions and formulas used to 
calculate the UCL, CL𝑠𝑝 and LCL are presented in Display 21. 
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Display 21 Abbreviations and descriptions used to calculate the customer deliveries service performance index 
Abbreviations Descriptions Formulas 
𝑃 Actual level of late 
deliveries 
P=
Total number late deliveries
Total send goods FYE14
 
 
𝑃𝑜 The upper limit of 
the level of late 
customer deliveries 
set by the company  
𝑃𝑜= 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑛𝑡ℎ𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟∗𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑡𝑒 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑒𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ
𝑇𝑜𝑡𝑎𝑙 𝑔𝑜𝑜𝑑𝑠 𝑠𝑒𝑛𝑑
*100 
 
CL𝑠𝑝  
Average service 
performance index. 
Also called: 
Uniformly Minimum 
Variance Unbiased 
Estimator
20
 
𝐶𝐿𝑠𝑝 =
1
𝑚
×  ∑ S̅
𝑚
i=1
𝑝
𝑖
 
m Number of sample 
groups 
- 
n Comprising sample 
group 
- 
UCL Upper Control Limit  
UCL = 𝐶𝐿𝑠𝑝+ 3 √(1 −  𝐶𝐿𝑠𝑝)[1-Po(1 - 𝐶𝐿𝑠𝑝)] 
n Po 
LCL Lower Control Limit  
LCL = 𝐶𝐿𝑠𝑝 - 3 √(1 −  𝐶𝐿𝑠𝑝)[1-Po(1 - 𝐶𝐿𝑠𝑝)] 
n Po 
 
The formulas are put in an Excel-file to create a reliable analysis. Then, the Amelior process data on the 
customer complaints and deliveries performances are gathered and taken into the Excel-file. The registration 
of these processes started in April 2013 and ended in March 2014. For Amelior, this are the data of one 
complete financial year registered per months, abbreviated as FYE14. Thus, in total data of 12 months are used 
in this investigation. The customer complaints are based on the total booked order lines send to customers in a 
per month.
21
 The customer deliveries cover all the products shipped from Amelior to their customers. If a 
customer does not get the products on the dates agreed, Amelior registers it as a late customer deliveries.  
The number of shipped goods at Amelior also includes extra shipments send to customers. For the customer 
complaints processes the data are analysed step by step according to the formulas presented in Display 20. 
The same applies for the customer deliveries process in Display 21. First, the actual proportion of customer 
with complaints has to be calculated and secondly the upper limit of the complaining customer level set by the 
company. The performance data used for the processes of Amelior and Chen (2014) are employed in Display 
22. 
 
Display 22 Amelior’s and Chen’s (2014) registered performance data  
Data Amelior’s customer 
complaints process 
Amelior’s customer 
deliveries process 
Chen’s (2014) customer 
complaints process 
Complaints 5,675 6,344 1,035 
Acceptable level of 
complaining customers 
0.56% 15% 30% 
 
As presented in Display 22 in total Amelior received 5.675 complaints which can be related to the customer 
complaints process and 6.344 related to the customer deliveries process. This is a difference with Chen (2014) 
who analysed 1,035 customer complaints. Amelior has set an upper acceptable limit of level of complaining 
customers on 0.56% and for the customer deliveries process on 15%.
22
 The case company of Chen (2014) has 
set an acceptable level of complaining customers on 30%. The process analyses is explained in detail in 
Appendix 5. 
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The process of customer complaints covers the total number of complaints Amelior received within FYE14. In 
FYE14, Amelior send 68,087 order lines to their customers.
23
 This number includes standard and non-standard 
products. In total, Amelior received from 400 customers complaints regarding the total send order lines.  
The maximum acceptable percentage of complaints for Amelior is 0.56% per month. This means that 99.44% 
of all order lines received by their customers have to be without complaints. The sample group in this 
investigation comprises an average of 5,675 order lines per month. This number is based on the total send 
order lines in FYE 14 divided through 12 months.  
 
In FYE14, Amelior shipped 76,124
24
 products to their customers. In total 67,128 of all the shipped products 
were delivered on time, which mean that 8,996 products did not arrived at the customers’ agreed dates. The 
total acceptable percentage of late deliveries is 15% per month. This means 85% of all the shipped products 
has to be on time at their customers. 
3.4.2 LIWC analysis 
 
The customer complaints and deliveries process texts are analysed by employing Linguistic Inquiry and Word 
Count (LIWC). LIWC is a computer program developed to analyse text on a word-by-word basis by counting 
those words (Pennebaker, Chung, Ireland, Gonzales, & Booth, 2007, p. 24). The numbers calculated by the 
LIWC program reflect a percentage of words from the total words the text contain (p. 11). LIWC relies on an 
internal default dictionary that defines which words should be counted in the text-file and in which category 
the words belong. LIWC reads each designated text-file, one target word at a time. As each target word is 
processed, the dictionary file is searched, looking for a dictionary match with the current target word. If the 
target word matches the dictionary word, the appropriate word category scale (or scales) for that word is 
incremented. Thus, first LIWC counts the target words before the program categorize them into the linguistic 
dimensions. At the end, LIWC convert the ‘raw’ counts to percentages of total words (Abe, 2009, p. 529). LIWC 
count words in 66 categories divided over five dimensions (Tausczik & Pennebaker, 2010, p. 39). Appendix 7 
presents the dimensions, categories, examples, number of words and common language use of the 2007 
version.  
 
LIWC has two broad categories of words that have different psychometric and psychological properties, 
content words and style words (Tausczik & Pennebaker, 2010, p. 29). The content words are generally nouns, 
regular verbs, adjectives and adverbs and convey the content of a communication. The style words are made 
up of pronouns, prepositions, articles, conjunctions, auxiliary verbs and other esoteric categories. They reflect 
how people are communicating, whereas content words convey what they are saying.  
 
As mentioned in subsection 1.2.1, the objective of this investigation is to explore whether the control chart by 
Chen (2014) can be transferred from the service to the manufacturing knowledge domain. Hence, the data use 
for the LIWC input is coming from the core customer satisfaction indicators of Amelior.  
The flowchart steps of the customer complaints and deliveries performance processes are both textually 
described in Appendix 3.The accuracy of LIWC output data is determined by the quality of the text files that 
are analysed. Therefore, the data process text data of Amelior are analysed according to the steps described in 
Display 23 (Pennebaker et al., 2007, p. 5). The first column presents the step sequence, the second column the 
step name and the third the content. The last column displays the application in this investigation. 
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Display 23 Steps to organize text (Pennebaker et al., 2007, p.5) 
Step 
sequence 
Step names Contents Applications 
1 Text file 
organization  
Each language sample should be put in 
its own file and named in a systematic 
and meaningful way 
The two different processes are filed on a local 
C:drive and called ´LIWC deliveries 
performance process’ and ´LIWC customer 
complaints process’  
2 Text file 
computer 
entry 
Textual data should be entered into the 
computer using Microsoft Word 
documents or as standard text 
The standard flowchart file format of both 
processes is pdf; hence, the total process text 
data of each process is copied separately to a 
.txt format and saved again on a local C:drive; 
according to step 1 both processes got a new 
name called ‘deliveries performance process 
text’ and ‘customer complaints process text’ 
3 Cleaning the 
text files 
Each file to be analysed should be 
examined and adjusted for misspelling 
and inappropriate words use; therefore, 
text files first need to run through a 
standard spell-check program 
The text of both processes are analysed for 
misspelling and inappropriate words with the 
use of Microsoft Word spell-check function. 
 
The customer complaints and deliveries process descriptions were entered into LIWC2007 using the English 
dictionary, as the language of the process descriptions is English. The LIWC process results were exported to 
Microsoft Excel (Pennebaker et al., 2007, p. 11).  
3.5 LIWC benchmark 
 
Duriau et al. (2007, p. 16) argue that case studies should use multiple sources of data and triangulation of basic 
content analysis with complementary methodologies. Therefore, next to the control chart by Chen et al. 
(2014), the textual process descriptions of these two processes are analysed by employing the Linguistic 
Inquiry and Word Count: a text analysis program that reveals the use of words in five different psychological 
categories (Tausczik & Pennebaker, 2010, p. 24). The LIWC findings from the Amelior innovative business 
process are compared with the benchmark of Robinson et al. (2013, p. 1) who argue that a high degree of 
commas predict high success on process performance. Low process performance is indicated by a high level of 
common and auxiliary verbs, present tense and personal pronouns words. The LIWC findings of both process 
descriptions are compared with the results of Robinson et al. (2013, p. 8) to evaluate whether these findings 
are in line.  
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4. Findings 
 
This chapter presents the control chart findings in subsection (4.1) and the findings of the LIWC-analysis in 
subsection (4.2). In both subsections, the particular sub question are answered which is presented at the start 
of each subsection. The answers on both sub questions will be used to answer the main question of this 
investigation: ’Does the claim by Chen et al. (2014, p. 7) that a control chart can be employed to monitor the 
quality and variability of innovative processes in a service-industry company, also apply for a manufacturer?’ 
4.1 Control chart  
 
This section answers the first sub question as described in subsection 1.4.2: Can the service-industry control 
chart by Chen et al. (2014, p. 7) be applied on the customer complaints and deliveries processes of this 
manufacturer case study to evaluate whether these processes are in control? To apply a service-industry 
control chart at the manufacturer Amelior, its customer complaints and deliveries performance data are used. 
For the customer complaints process of Amelior, the complaints level is 0.56% while for the service industry 
company of Chen (2014) it is 30%. A full and more detailed description about the calculation method to build a 
control chart according the method of Chen (2014) is presented in Appendix 6. 
4.1.1 Control chart findings on customer complaints 
 
A summary of the calculated control limits which are used for the customer complaints process control chart 
of Financial Year 14 (FYE14) are presented in Display 24.  
 
Display 24 Summary control limits customer complaints process FYE14 
Concepts Abbreviations Control limits 
Upper Control Limit UCL 0.9949 
Control Limit 𝐶𝐿𝑠𝑝 0.9895 
Lower Control Limit LCL 0.9841 
 
Display 24 summarizes the calculation outcomes for the customer complaints process performance control 
limits, based on the actual number of complaints at Amelior in Financial Year 14 (FYE14). The calculated Upper 
Control Limit (UCL) is 0.9949, the Control Limit (𝐶𝐿𝑠𝑝) indicates 0.9895 and the Lower Control Limit (LCL) is 
0.9841. 
 
Display 25 presents the customer complaints process performance at Amelior for the Financial Year 2014 
(FYE14). The red line indicates the Control Limit (CL𝑠𝑝)  and the green and purple lines represent the Upper 
Control Limit (UCL) and the Lower Control Limit (LCL), respectively. The blue line characterizes the calculated  
actual process performance of customers with complaints per month (Sp) at Amelior. 
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Display 25 Amelior’s customer complaints performance 
 
 
Display 25 shows that the customer complaints process of the manufacturer Amelior can be monitored by 
employing the method of Chen et al (2014, p.6). The input for this graph is derived from the actual level of 
customers with complaints registered at Amelior. The performance overview shows that the sample points for 
July and November are nearby but not passing the LCL-line. This means that all sample point are between the 
Upper Control Limit (UCL) and Lower Control Limit (LCL) which indicates that the process is under control. 
None of the sample points exceeds in one or more months the Upper Control Limit (UCL) or Lower Control 
Limit (LCL). July is the closest to the LCL and might be an attention point. A pattern of five or more sample 
points which also infringes the Upper of Lower control limit is not found in the control chart, as well as a 
pattern of more than six sample point which are either rising of falling. The 𝐶𝐿𝑠𝑝 is greater than zero with 
0.989 and the UCL is almost equalling one with 0.994. 
 
Display 26 displays the interpretation rules
25
 set by Chen et al. (2014, p. 11) to determine if the customer 
complaints process at Amelior is under control. The first column presents the interpretation rule number, the 
second column describes the interpretation rule, the third ‘Accepted’ column indicates if the process overview 
can be accepted (see Appendix 5). The last column ‘Status process’ shows if the customer complaints process 
is in or out of control.  
 
Display 26 Findings control chart customer complaints 
Number Interpretation rules Accepted Status process 
1 Sample point exceeds the Upper or Lower control limit No 
In control. 
2 Pattern of five or more sample points which also infringes an Upper or 
Lower control limit 
No 
3 Pattern of more than six sample points which are either rising or falling No 
4 𝐶𝐿𝑠𝑝  is greater than 0 Yes 
5 UCL equalling 1 Yes 
 
The customer complaints process within Amelior is in control, which is in line with Amelior’s quality review 
(2014), as presented in Appendix 11. 
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Display 27 compared the customer complaints levels of this study with those of Chen et al. (2014).  
 
Display 27 Comparison customer complaints levels of Amelior and service company of Chen et al. (2014) 
Case Findings Status processes Differences 
Amelior 
UCL:      0.994 
𝐶𝐿𝑠𝑝:        0.989 
LCL:        0.984 
In control 
1) Sample points all nearby 1, the CL 
2) 0.56% acceptable level of customers with complaints 
Service 
company 
Chen 
UCL:       0.56 
𝐶𝐿𝑠𝑝:        0.22 
LCL:       -0.13 
Not in control 
1) Two sample points exceed the LCL 
2) 30% acceptable level of customers with complaints. 
 
Display 27 indicates major differences between the LCLs. At Amelior the LCL is 0.98, while Chen et al. (2014, p. 
7) present an LCL of -0.13. The CLsp of both studies also differ very much (0.98 versus 0.22). The customer 
complaints process of Amelior is in control, while it is not in control at the case company of Chen et al. (2014).  
 
The sample group used at Amelior exists of 5,676 customers, while Chen  et al. (2014) use a sample group of 
4,500 customers. The acceptable complaints level of Amelior is 0.56%, whereas the case company of Chen et 
al. (2014) has a norm level of customer complaints of 30%.  
4.1.2 Control chart findings on customer deliveries 
 
The process of deliveries performance covers all the shipped products from Amelior to their customers within 
FYE 14. In FYE14 Amelior shipped 76,124 products to their customers.
26
 This number includes extra shipments 
and is not only related to the total booked orders lines such as the customer complaints. In total 67,128 of all 
the shipped products were delivered on time which mean 8,996 did not arrive at the customers’ agreed dates. 
It is therefore considered a late deliveries by Amelior. The total acceptable level of late deliveries is 15% per 
month. This means 85% of all the shipped products has to be on time at their customers. The data registration 
of the process starts in April 2013 and end in March 2014 as the same it is for the process of customer 
complaints. For Amelior this is data of one financial year.  
 
A summary of the calculated control limits which are used for the process of customer deliveries performance 
control chart of Financial Year 14 (FYE14) is presented in Display 28. 
 
Display 28 Control limit levels customer deliveries performance 
Control limit concepts Abbreviations Control limit levels 
Upper Control Limit UCL 0.2933 
Control Limit 𝐶𝐿𝑠𝑝 0.2122 
Lower Control Limit LCL 0.1311 
 
Display 28 shows that the calculated Upper Control Limit (UCL) is 0.2933, the Control Limit (𝐶𝐿𝑠𝑝) 0.2122 and 
the Lower Control Limit (LCL) 0.1311 in Financial Year 14 (FYE14). 
 
Display 29 presents the deliveries performance at Amelior for the Financial Year 2014 (FYE14). The red line 
indicates the Control Limit (CL𝑠𝑝)  and the green and purple lines represent the Upper Control Limit (UCL) and 
the Lower Control Limit (LCL), respectively. The blue line characterizes the calculated  actual customer 
deliveries process performance per month (Sp) at Amelior. 
 
  
  
30 
 
It is all about Check 
Display 29 Amelior’s customer deliveries performance 
 
 
Display 29 shows that only the sample of June is between the control limits UCL and LCL. All the other points 
are passing the UCL and LCL indicating that the customer deliveries process is not in control.  
 
Display 30 presents the interpretation rules
27
 set by Chen et al. (2014, p. 11) to determine if the process is 
under control. The first column presents the interpretation rule numbers, the second column describes the 
interpretation rule, the third ‘Accepted’ column indicates if the process is in accordance with the interpretation 
rules. The last column ‘Status process’ shows if the deliveries performance process is in or out of control. 
 
Display 30 Interpretation findings control chart deliveries performance 
Numbers Interpretation rules Accepted Status process 
1 Sample point exceeds the Upper or Lower control limit Yes 
Not in control. 
2 Pattern of five or more sample points which also infringes an Upper or 
Lower control limit 
No 
3 Pattern of more than six sample points which are either rising or falling No 
4 𝐶𝐿𝑠𝑝  is greater than 0 Yes 
5 UCL equalling 1 No 
 
Thus, theoretically the control chart indicates that the service-industry control chart by Chen et al. (2014, p. 7) 
can be applied on the customer deliveries performance at this manufacturer case study. Practically, it discloses 
that the customer deliveries performance of Amelior is not in control, which is in line with Amelior’s quality 
review (2014), as presented in Appendix 11. 
 
Display 31 compares the findings of this case study to Chen et al. (2014).  
 
Display 31 Comparison findings of Amelior and results service company of Chen et al. (2014) 
 Findings Status processes Differences 
Findings 
Amelior 
UCL:       0.29 
CLsp:        0.21 
LCL:        0.13 
Not in control 
1) Six sample points exceed the UCL and four the LCL 
2) 15% acceptable level of customers with complaints 
Results service 
company Chen 
et al. 
UCL:       0.56 
CLsp:        0.22 
LCL:       -0.13 
Not in control 
1) Two sample points exceed the LCL 
2) 30% acceptable level of customers with complaints. 
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At Amelior, the LCL is 0.13, while Chen et al. (2014, p. 7) present an LCL of -0.13. Both CLspare similar, however 
(0.21 and 0.22). Both processes are not in control. The acceptable complaints level of Amelior is 15%. The 
service-industry related company of Chen et al. (2014) has a higher acceptable level of customer complaints 
with 30%. The focus of the investigation at Amelior is on the deliveries performance process in contrast to 
Chen et al. (2014), who do not include the customer complaints process. 
4.2 LIWC 
 
This section answers the second sub question as described in subsection 1.4.2 Thesis questions: Are the 
manufacturer control chart findings supported by the LIWC findings regarding the customer complaints and 
deliveries processes of this case study? 
 
The textual data used for the LIWC input is coming from the customer complaints process and deliveries 
performance process description of Amelior, as presented in Appendix 3. The customer complaints and 
deliveries process descriptions were entered into LIWC2007 using the English dictionary, as the language of 
the process description is English. The LIWC process results are exported to Microsoft Excel (Pennebaker et 
al., 2007, p. 11). The LIWC findings from the Amelior innovative business processes are compared with the 
benchmark of Robinson et al. (2013, p. 1) who claim that a high degree of commas predict high-performances 
and low performance is indicated by a high level of common and auxiliary verbs, present tense and personal 
pronouns. The results of this investigation and Robinson (2013) are presented in Display 32. Each number 
reflects the percentage of this word category in a text from the total of words this texts contains. 
 
Display 32 Comparison LIWC  process results with benchmark Robinson (2013, p.7) 
LIWC category Controlled customer 
complaints process 
Uncontrolled customer 
deliveries process 
Results Robinson 
high-performance 
(2013) 
Results Robinson 
low-performance  
(2013) 
Common verbs 7.04 10.48 0.06 0.89 
Auxiliary verbs 3.99 7.66 0.02 0.86 
Present tense 3.29 5.24 0.04 0.82 
Commas 2.58 2.42 0.6 -0.25 
Personal pronouns 0.47 1.61 0.19 0.46 
 
The LIWC findings of this case study show a lower score on common verbs (ain’t, am, be), auxiliary verbs (be, 
will, that’s), present tense (go, how’s, look) and personal pronouns (he, lets, me) and a higher score on commas 
(‘,’) for the controlled process than for the uncontrolled one. These findings are in line with Robinson (2013).  
4.3 Comparison of control chart and LIWC findings 
 
According the calculation method of Chen (20140, it is possible to make a control chart for the customer 
complaints process and customer deliveries process. The numeric business process data of Amelior can be 
used as input to calculate the control limits UCL, CL and LCL and display them in a control chart. The control 
chart  also shows that it is possible to create a graphical process overview. Following  the interpretation rules 
set by Chen (2014, p.11), this investigation also shows that it appears possible to identify whether 
manufacturer complaints and deliveries processes are in or out of control. Finally, this analysis reveals that the 
findings are in line with Amelior’s quality review (2014). 
 
The textual descriptions of the customer complaints process and customer deliveries process are used as data 
input for the LIWC program. The LIWC findings support the difference between the controlled and 
uncontrolled processes: the more commas and the less common verbs, auxiliary verbs, present tenses and 
personal pronouns in textual process descriptions, the higher the chance seems to be that a process is in 
control. 
 
Thus, the control chart allows to monitor the numeric business process data, while the LIWC findings focus on 
the starts of the business processes : the process descriptions.  
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5. Evaluation 
 
This chapter starts with the conclusions (5.1). Then, it includes a discussion on reliability (5.2), construct 
validity (5.3), theoretical validity (5.4), external validity (5.5) and relevance (5.6), following Yin (2014, p. 238). It 
closes with theoretical recommendations (5.7) and practical recommendations (5.8). 
5.1 Conclusions 
 
This section presents the answers on the sub questions and main question. In subsection 5.1.1 the first sub 
question is answered and in subsection 5.1.2 the second. The main question of this thesis is answered in 
subsection 5.1.3. 
5.1.1 Sub question 1: Applying the service-industry control chart by Chen (2014) 
 
The first sub question is: Can the service-industry control chart by Chen et al. (2014, p. 7) be applied on the 
customer complaints and deliveries processes of this manufacturer case study to evaluate whether these 
processes are in control? Chen et al. (2014, p. 7) report about a service quality control chart to monitor 
business service processes in a service industry company in the check-phase of the plan-do-check-act-cycle.  
This case study shows that Chen’s (2014) customer complaints process and the customer complaints and 
customer deliveries performances of this manufacturer case study can be monitored to evaluate whether 
these processes are in control by employing the method of Chen et al (2014) and that the in control finding on 
the customer complaints process at Amelior is in line with Amelior’s quality review (2014) and that the 
customer deliveries performance of Amelior is not in control in line with Amelior’s quality review (2014).  
 
Thus, it seems possible to transfer the method of Chen (2014) from the service-industry  to manufacturers.  
5.1.2 Sub question 2: Retaining control chart and LIWC findings 
 
The second sub question is: Are the manufacturer control chart findings supported by the LIWC findings 
regarding the customer complaints and deliveries processes of this case study? The LIWC findings support the 
difference between the controlled and uncontrolled processes. In line with Robinson (2013), the controlled 
process scores lower than for the uncontrolled one on common verbs (ain’t, am, be), auxiliary verbs (be, will, 
that’s), present tense (go, how’s, look) and personal pronouns (he, lets, me) and higher on commas (‘,’).  
5.1.3 Main question 
 
The main question of this thesis is: Does the claim by Chen et al. (2014, p. 7) that a control chart can be 
employed to monitor an innovative business process in a service-industry company, also hold for a 
manufacturer?’ 
 
Following  the interpretation rules set by Chen (2014, p.11), this investigation shows that it appears possible to 
identify whether manufacturer complaints and deliveries processes are in or out of control and that these 
findings are in line with a quality review. The LIWC findings support the difference between the controlled and 
uncontrolled processes: the more commas and the less common verbs, auxiliary verbs, present tenses and 
personal pronouns in textual process descriptions, the higher the chance seems to be that a process is in 
control. 
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5.2 Discussion on reliability 
 
Reliability includes the consistency and repeatability of the research procedures use used in a case study (Yin, 
2014, p. 240). The data collection procedures deal with the data collection and the data analysis (Jurg, 2010, p. 
109).  
 
The method of Chen (2014) is standardized and employs process data registered and filed at Amelior per 
month. Thus, the reliability for applying the control chart to monitor the business processes of Amelior, is 
strong compared to other studies.   
 
The application of Chen’s (2014) calculation method for the UCL, CLsp and LCL, is complex, however. A lot of 
calculation steps are necessary to create a control chart, which increase the chance to make mistakes. 
Subsequently, not registered complaining customers does not mean that customers have no complaints. It 
may be that they do not send these to Amelior as they think this has no use. This may have diminished the 
accuracy of this investigation. Another reliability issue is the registration of customer complaints. This is  done 
manually by an Amelior employee, while the deliveries performance is automatically registered by a software 
program. This means that a discrepancy exist between the subjective registration of customer complaints and 
the objective registration of deliveries performance.  
 
Yin (2014, p. 238) refer to chain of evidence allowing external observers to follow the procedures, information 
and evidence described in a case study regarding the conclusions. Therefore, the summary of this 
investigation is reviewed by the official reviewer (Becker), two OD-MP theme group members (Luchies and 
Bosman) and one potential theme-peer group member (Meijerink) and improved on their feedback. Their 
feedback can be found on the memory card. A definition list is included at the end of this thesis. 
5.3 Discussion on construct validity 
 
Construct validity covers the accuracy with which a case study’s measures reflect the concepts being studied 
(Yin, 2014, p. 238). The discussion on the control chart is presented in subsection 5.2.1 and the discussion on 
the LIWC method in subsection 5.2.2. 
5.3.1 Control chart 
 
A construct validity strength is that the calculations of the UCL, CLsp and LCL following the method of Chen 
(2014) include a standard deviation of 3σ.This implies that 99.73% of the sample point values fall within the 
control limits defined by the mean plus and minus three standard deviations. If a standard deviation of 2σ 
(95.45%) was used in the method of Chen (2014) to calculate the UCL, CLsp and LCL, the results displayed in 
the control chart would have been less accurate.  
 
A construct validity strength is about the interpretation of the control chart. To determine the mean (CL) and 
trend line, at least six sample points should be used to get effective results displayed in a control chart 
(Gravois, 2007, p. 14). 
 
A construct validity issue of this investigation is the limitation to two organizational key process of Amelior 
that were analysed by using the control chart and LIWC. Further research should include more innovative 
business processes. Another construct validity issue is the importance of the customer complaints. The 
customer complaints performance and customer deliveries performance, which are displayed in the control 
charts don’t indicate the seriousness and repetitiveness of the registered complaints. Furthermore, the 
customer deliveries are registered on whether products were delivered at the dates agreed. The software 
system doesn’t register the reasons why products are shipped at another date. Thus, this investigation does 
not include an analysis is on valid reasons for late deliveries.  
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A further construct validity issue is the acceptable level of customers with complaints. For the in control 
customer complaints process it is 0.56%, while it is 30% for the not in control process in the case company of 
Chen et al. (2014). Thus, there is a remarkable non-logical difference between the acceptable level of customer 
complaints in both companies.  
 
A construct validity issue is the non-categorization of complaints received from different customer types at 
Amelior. While it internally divides manufacturer customers in an A-B-C-categories, no distinction is made 
between these two categories in the registration of customers complaints. 
 
A similar construct validity issue is the non-registration of customers complaints costs. The monthly sample 
point presented in the control chart gives no information about the customers complaints value. Below €5,000 
customers complaints are indicated as low risk and handled by an Amelior service employee. Above the 
€5,000, customers complaints are indicated as high risk complaints and handled by a special internal quality 
team which take care of those customers complaints. The customers complaints control chart in this 
investigation does not indicate ‘low risk’ of ‘high risk’ complaints. 
 
Another construct validity issue is the innovative business processes of Amelior. This investigation pays no 
attention to the meaning of the word ‘innovative’. Subsequently, this investigation does not indicate how 
innovative the customer complaints and deliveries processes of Amelior are. 
5.3.2 LIWC 
 
A construct validity strength is the LIWC2007 software. The dictionary in the software compose almost 4500 
words and word stems in 66 categories divided over five dimensions (Tausczik & Pennebaker, 2010, p. 39).The 
text analysis application LIWC is developed to provide an efficient and effective method for studying the 
various emotional, cognitive and structural components present in texts. The program is designed to analyse 
individual or multiple language files quickly and efficiently (Pennebaker et al., 2007, p. 3). Each word or stem 
defines one or more word categories or sub-dictionaries. The use of this software to analyse the customer 
complaints and deliveries process descriptions increase the accuracy of the findings.  
 
A construct validity issue includes the benchmark of Robinson (2013). Employing the benchmark of Abe 
(2009), for instance, leads to different findings than Robinson (2013). Abe (2009, p.529) claims that the 
relation between ‘first person plural’, ‘insight’, ‘positive emotions’ and ‘negative emotions’ words students use 
to describe and reflect on their field practicum experiences  are highly predictive of their practicum 
performance ratings. Display 33 compares the results of Abe (2009) with the controlled customer complaints 
and uncontrolled customer deliveries processes at Amelior.  
 
Display 33 Comparison LIWC  process results with benchmark Abe (2009, p.529) 
LIWC category Results Abe (2009) Controlled customer 
complaints process 
Uncontrolled customer 
deliveries process 
First person plural 2.62 0.23 1.61 
Insight 0.22 2.82 1.21 
Positive emotions 0.27 0.71 0.81 
Negative emotions 0.01 9.86 0 
 
Display 33 shows that the LIWC findings of the controlled customer complaints process and uncontrolled 
customer deliveries process finding from this case study are not in line with Abe (2009): the controlled 
customer complaints process scores are lower than the uncontrolled customer deliveries process, except for 
positive emotions: positive emotion words in the process descriptions seems to disclose in control processes.  
 
A similar construct validity issue is disclosed by calculating the relative difference percentage (Kraaikamp & 
Meester, 2005, p. 257). The formula is presented in Display 34. R is the abbreviation for Pc is the abbreviation 
for the customer complaints process and Pd for the customer deliveries process. As Pc is in control, this is 
considered the norm in the formula.  
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Display 34 Formula for relative difference 
Name  Formula 
Relative difference (Rd) R= (Pd-Pc)/Pc 
 
Display 35 presents the extreme LIWC findings having a ‘zero’ or ‘infinite’ deviation. A full and more detailed 
description of this calculation method and two alternative calculations are presented in Appendix 9.  
 
Display 35 Extreme LIWC differences between descriptions of controlled and uncontrolled processes  
# LIWC 
dimensions 
LIWC 
categories 
Controlled 
customer 
complaints process 
Uncontrolled 
customer deliveries 
process 
Exact 
differences 
Relative 
differences 
1 Psychological Negative 
emotions 
9.86 0 9.86 -1 
2 Psychological Anxiety or 
fear 
2.11 0 2.11 -1 
3 Psychological Sadness or 
depression 
0.94 0 0.94 -1 
4 Standard 
linguistic 
Third-person 
singular 
0.23 0 0.23 -1 
5 Psychological Anger 0.23 0 0.23 -1 
6 Standard 
linguistic 
Numbers 0 1.21 -1.21 Infinite 
7 Punctuation Apostro 0 0.81 0.81 Infinite 
 
Display 35 shows that controlled process of customer complaints has a relative difference score of ‘-1’ 
compared to uncontrolled process of customer deliveries on the words categories negative emotions 
(complain*, problem*), anxiety or fear (repress*,risk*), sadness or depression (low, regret), third-person 
singular (his, she) and anger (hit, offence).  The LIWC categories numbers (third, ten) and apostro 
(‘(apostrophe)) has an ‘infinite’ score. Thus, the process descriptions of controlled processes might differ from 
uncontrolled process by employing more negative emotion and third-person singular words. In addition, the 
process descriptions of controlled processes might differ by employing less numbers and apostrophes than 
those of uncontrolled processes. Further research is necessary here. 
 
Another similar construct validity issue is indicated by the high score on negative emotion words, as employed 
in Display 35. The LIWC2007 dictionary covers about 500 negative emotion words. Display 36 presents the 
negative emotion word counting results of the Amelior customer complaints process description. 
 
Display 36 Negative emotions words in Amelior’s customer complaints process  
 ‘Negative emotion’ words customer complaints description 
LIWC category Defenc Low Problem Risk Complain 
Negative emotions 1 4 2 9 26 
 
Display 36 shows that the word ‘complain’ is counted most (26 times), which is to be expected for a text 
describing the process of customer complaints. However, it has little to do with a process being in or out of 
control. Unfortunately, LIWC does not allow to get information about which words LIWC found in the process 
descriptions to calculate a the percentage per word category. This is an important lack because it is not 
possible to analyse which words make a process being in or out of control. 
 
A construct validity issue is the limitation of this investigation to LIWC. Other text analyse programs that 
might have been employed by future researchers are CATA (Wolfe & Shepherd, 2013, p. 23) and Ren CECps 
(Ren & Quan, 2012, p. 332). Furthermore, future researchers might analyse text documents by counting the 
frequency of the substantiates and interpret these findings in line with Hattink (2013, p. 32). 
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5.4 Discussion on theoretical validity 
 
Theoretical validity focusses on comparison of the findings with the claims in scientific literature (Gelderman & 
van Zanten, 2013c, p. 7).  
 
Chen et al. (2014, p. 7) report about a service quality control chart to monitor business service processes in a 
service industry company in the check-phase of the plan-do-check-act-cycle. This case study shows that 
Chen’s (2014) customer complaints process and the customer complaints and deliveries performances of this 
manufacturer case study can be monitored by employing the method of Chen et al (2014).  
 
The literature review reveals that the support for the monitoring and control chart claims of Chen et a. (2014) 
is limited in the key literature. However, there is little connection between the claims discussed in the 
literature review and the claim of this thesis that the service-industry control chart by Chen et al. (2014, p. 7) 
can be applied on the customer complaints and deliveries processes of this manufacturer case study to 
evaluate whether these processes are in control. Thus, this literature review contributes little to the theoretical 
validity of this investigation.  
 
Currently, a comparison with the claims in the study replicated is the key of the literature review. However, the 
core of the OD-MP theme is to test these claims using indirect methodologies such as system constellations 
and LIWC. Thus, the theses within the OD-MP theme should pay more attention to their findings regarding 
these methodologies. Therefore, future OD-MP researchers should consider to add subsections in the 
relevance discussion to share their findings on these case OD-MP methodologies. 
5.5 Discussion on external validity 
 
The external validity defines the extent to which the findings from a case study can be generalized (Yin, 2014, 
p. 238). 
 
This single-case study is applied at one manufacturer to determine whether the service-industry control chart 
by Chen et al. (2014, p. 7) can be applied on innovative business processes of manufacturers to evaluate 
whether these processes are in control. Although two innovative business processes are investigated, this 
single case does not allow to be generalized A multiple-case study on this subject at more manufacturers 
requires, however, extensive resources and demand much more time (Yin, 2014, p. 57). Furthermore, it will not 
be easy to get access to the data needed to conduct this multiple case study. 
 
On the other hand, the manufacturer Amelior is ISO9001:2008 certified, which sets out the criteria for its 
quality management system. The design, approach, implementation and related terminology for processes 
are set by the ISO group.
28
 Therefore, the conclusions of this investigation also seem applicable for other 
ISO9001:2008 certified organisations.   
5.6 Discussion on relevance 
 
The relevance refers to the fit of the produced knowledge with the knowledge need from the literature (De 
Leeuw, 2001, p. 23). 
 
The findings of this investigation are a first step in analysing the relationship between process control and 
textual process descriptions in de check-phase of the Plan-Do-Check-Act-cycle. Due to the recent publication 
date of Chen (2014), no other studies were found which investigate the transferring of the control chart from 
the manufacturing knowledge domain. This investigation seems to show that Chen’s (2014) customer 
complaints process and the customer complaints and customer deliveries performances of this manufacturer 
case study can be monitored to evaluate whether these processes are in control by employing the method of 
Chen et al (2014). 
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The multiple perspectives used in this investigation contribute to the relevance of this investigation. The 
control chart analyses the numerical data of processes, while the LIWC analyses the textual data description of 
a process. The knowledge produced in using the control chart and LIWC seems to indicate that both devices 
can be used to identify if manufacturing business processes are in or out control.  
5.7 Theoretical recommendations 
 
Theoretically, this investigation shows that the customer complaints and deliveries performances of the 
manufacturer in this case study might indeed be monitored by employing the method of Chen et al. (2014). As 
pointed out in subsection 5.3.1 Control chart, the control chart doesn’t give an indication about the 
seriousness and repetitiveness of the complaints. Future research could focus on a model which includes the 
identification and combination of the seriousness and repetitiveness of complaints to create a perspective for 
managers. 
 
Furthermore, this thesis discloses some remarkable differences between the service industry company of 
Chen et al.(2014) and the manufacturer of this investigation. For the customer complaints process of the case 
manufacturer the upper acceptable level of complaining customers is 0.56%, while the service industry 
company of Chen et al. (2014) applies 30%. The acceptable level of customer deliveries performance set by the 
case manufacturer is 15%; much higher than the customer complaints level of 0.56%. This investigation gives 
no valid explanation about this difference. Future research could focus on the identification of this remarkable 
difference. 
 
The process results of LIWC are based on the descriptions of the customer complaints and deliveries 
processes. Because one person within Amelior is responsible for these process descriptions, it could be that 
personal emotions or a specific writing style affect the LIWC findings. Further research could focus on if 
personal emotions effects the LIWC process description results. 
 
The LIWC data of the customer complaints and deliveries processes could not be analysed by the use of IBM 
SPCC 20 as the data included only two processes. Future research should focus on a comparison of different 
process analysing methods . 
 
This investigation uses the LIWC program to analyse the customer complaints and deliveries processes of a 
manufacturer. Because currently the LIWC program is mainly applied in the social psychological area (Tausczik 
& Pennebaker, 2010, p. 38), little information is available about how to apply it effectively in other research 
areas. Future research could focus on the transfer of the LIWC program to other areas.  
 
The LIWC findings of this investigation seem to support the difference between the controlled and 
uncontrolled innovative business processes: the more commas and the less common verbs, auxiliary verbs, 
present tenses and personal pronouns in textual process descriptions, the higher the chance seems to be that 
a process is in control. This investigation must be seen as a first-step in studying what textual reasons mean for 
in or out of control business process measured with the LIWC program. Therefore, future research at other 
manufacturers could focus on which words are used  at process descriptions for in or out of control processes.  
 
The LIWC findings of this investigation compared with the benchmark of Robinson (2013) seem to shows that 
it is possible to transfer the LIWC method from an academic domain to a manufacturer domain. The studies of 
three other OD-MP theme group members (Luchies, Schaap and Van Petegem) show that it seems possible to 
transfer the LIWC findings and methodologies of Robinson (2013), Arntz (2012) and Stone (2003) to 
respectively government grants, financial services and readiness for change. Future research should further 
research the LIWC program on other manufacturers’ innovative business processes. 
 
Finally, further research is needed on the relationship between process control and textual process 
descriptions in the check-phase of the Plan-Do-Check-Act-cycle. 
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5.8 Practical recommendations 
 
The key to keeping the ISO-certificate is monitoring and improving business and production processes (Lin & 
Jang, 2008, p. 601). This is an important item for the board of directors.
29
 The results of this investigation give 
boards of directors an insight view about the relevance of Chen et al. s (2014) control chart. The findings allow 
boards of directors and their managers to expand their knowledge about how to analyse process data in the 
check-phase. Applying the control chart by manufacturers could be a first step for their boards of directors and 
their managers to structurally and clearly analyse their company’s innovative business processes. The 
graphical process overview can help them in timely monitoring and ensuring that service quality of their 
processes is being monitored and improved. The in or out of control process status displayed in  control charts 
allows them to decide if they want to take any (improvement) actions. By analysing their textual business 
process descriptions with the LIWC program, the managers could substantiate the monitoring from the start. 
Monitoring the actual status of an innovative  business process is essential: it is all about check! 
  
  
39 
 
It is all about Check 
Definitions 
 
Display 37 presents the definitions used in this investigation. 
 
Display 37 Concept and definition overview 
# Concept Definition 
1 Act-phase Phase where the changes are implemented on a larger scale (Grosshuesch, 2010, p.8) 
2 
 
 
Application 
spotting 
Revealing a shortage of a particular theory in a specific area of research to provide a new 
perspective to further understanding of the particular subject matter in question (Sandberg & 
Alvesson, 2011, p.31) 
3 Case study A study that investigates a contemporary phenomenon in depth and in its real-world context 
(Yin, 2014, p. 237) 
4 Chain of evidence Allowing external observers to follow the procedures, information and evidence described in a 
case study regarding the conclusions (Yin, 2014, p.238) 
5 Check-phase Collection phase from the process as determined in the planning and doing phase to analyse the 
stability and capability of the process (Oakland, 2008, p. 346) 
6 Check-phase The effectiveness and performance of the innovative business process in monitored by 
evaluating whether the small-scale changes have achieved the desired results (Lee, 2002, p.147) 
7 Claims As what ultimately is being asserted based on the available information (De Groot & van Zanten, 
2008, p.17) 
8 Construct validity The accuracy with which a case study’s measures reflect the concepts being studied (Yin, 2014, 
p.238) 
9 Continuous 
improvement 
The propensity of the organization to pursue incremental and innovative improvements of its 
processes, products and services (Rungtusanatham, Forza, Filippini, & Anderson, 1998, p. 79) 
10 Control chart A convenient and effective tool to detect changes in the performance of a process (Chen et al., 
2014, p. 2) 
11 Control chart A tool to investigate the variability of a process (Oakland, 2008, p. 70) 
12 Control chart A form on which determined statistical measures of products properties are recorded as a result 
of inspection taking randomly samples of products in the determined place of the process 
(Dudek-Burlikowska, 2011, p. 491) 
13 Control chart Chart with upper and/or lower control limits on which values of some statistical measure for a 
series of samples or subgroups are plotted, usually in time or sample number order (Juran, 1998, 
p. 452) 
14 Control Checking and directing action. Comparing the actual results of an action with a standard or 
target, monitoring the disparity between the two, and adopting corrective measures if necessary 
(Juran, 1998, p. 41.45) 
15 Deming Cycle 
(PDCA-cycle) 
System which will help achieving ongoing improvement (Oakland, 2008, p. 344) 
16 Deming PDCA-
cycle 
Process improvement cycle which is can be used in organizations for problem solving as well as 
for process improvement. PDCA cycle is also called Deming cycle due to the popularization of it 
by Deming (Grosshuesch, 2010, p. 8) 
17 Do-phase Phase where the changes described in the plan-phase are put into action on a small scale (Lee, 
2002, p.147) 
18 Explorative 
research 
Research within a relative unknown domain (De Leeuw, 2001, p. 78) 
19 External validity The extent to which the findings from a case study can be generalized (Yin, 2014, p.238) 
20 Flowchart A formalised graphic structured representation of a work or manufacturing sequence (Aguilar-
Saven, 2004, p.134) 
21 Integrative review A specific review method that summarizes literature to provide a more comprehensive 
understanding of a particular problem (Whittemore & Knalf, 2005, p.546) 
22 Internal validity Seeking to establish a causal relationship whereby certain conditions are believed to lead to 
other conditions, as distinguished from spurious relationships (Yin, 2014, p. 46) 
23 Literature review Review to disclose whether the key literature employs similar concepts, used similar 
conceptualizations of the similar concepts and puts similar claims(Ghauri & Grønhaug, 2005) 
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24 LIWC Linguistic Inquiry and Word Count: a text analysis program that reveals the use of words in five 
different psychological categories (Tausczik & Pennebaker, 2010, p. 24) 
25 Methodology Covers the choices made about the research strategy and methods of data collection and data 
analysis (Silverman, 2013, p.126) 
26 Monitoring A method to provide a number of service variables to control process performance (Chen et al., 
2014, p.3) 
27 Multiple methods 
research 
Employing two or more qualitative methods, two or more quantitative methods, or a 
combination of qualitative and quantitative methods to generate a more complete 
understanding of the world (Bradbury & Lichtenstein, 2000, p.562) 
28 PDCA-cycle Plan-Do-Check-Act-cycle: a quality management device for monitoring improving innovative 
business processes (Maruta, 2012, p. 205) 
29 Plan-phase An organization designs the improvement of their innovative business process by determining 
what is exactly wrong with the process as it stands (Lee, 2002, p.147) 
30 Primary data Data collected for the research problem at hand (Ghauri & Grønhaug, 2005, p. 78) 
31 Process Set of interrelated or interacting activities which transforms inputs into outputs (Dudek-
Burlikowska, 2011, p. 488) 
32 Process A system with inputs and outputs (Montgomery, 2007, p.186) 
33 Process The transformation of a set of inputs, which can include materials, actions, methods and 
operations, into desired outputs, in the form of products, information, services or – generally – 
results (Oakland, 2008, p. 5) 
34 Process Set of interrelated resources and activities that transform inputs into outputs (Juran,1998, p.452)  
35 Process 
management 
The set of methodological and behavioural practices emphasizing the management of process, 
or means of action, rather than results (Rungtusanatham et al., 1998, p. 79) 
36 Quality Meeting the requirements of the customer (Oakland, 2008, p. 3) 
37 Quality Fitness for purpose of use (Juran, 1998, p. 214) 
38 Relevance The fit of the produced knowledge with the knowledge need from the literature (De Leeuw, 
2001, p.23) 
39 Reliability Demonstrating that the operations of a study-such as the data collections procedures- can be 
repeated, with the same results (Yin, 2014, p. 46) 
40 Revelatory case 
study 
This includes a real-life situation that social scientists have not been able to study in the past 
(Yin, 2014, p.237) 
41 Secondary data Data which is already collected by others (Ghauri & Grønhaug, 2005, p. 78) 
42 Select stage Refines the articles found in the search stage (Wolfswinkel et al., 2013, p.2) 
43 Service quality 
theory 
An operation procedure of a control chart (Chen et al., 2014, p.12) 
44 Statistical 
Process Control 
(SPC) 
Scientific approach to quality improvement in which data are collected and used as evidence of 
the performance of a process, organization or set of equipment (Coleman, Arunakumar, 
Foldvary, & Feltham, 2001, p. 326) 
45 Statistical 
Process Control 
(SPC) 
A powerful tool to optimize the amount of information needed for use in making management 
decisions. Statistical techniques provide an understanding of the business baselines, insights for 
process improvements, communications of value and results of processes, and active and visible 
involvement (Panirchelvan, 2009, p. 6) 
46 Statistical 
Process Control 
(SPC) 
The application of appropriate statistical tools to processes for continuous improvement in 
quality of products and services, and productivity in the workforce (Oakland, 2008, p. 37) 
47 System A group of thing or parts working together or connected in some way so as to form a whole 
(Neave, 1996, p. 28) 
48 System Network of interdependent components that work together to try to accomplish the aim of the 
system (Deming, 2000, p. 50) 
49 Testing research Employing a critical test of the hypothesis found in the explorative research(DeLeeuw,2001,p.78)  
50 Theoretical 
literature review 
An analysis of the conceptual models (Maggioni, 2002, p.63) 
51 Theoretical 
validity 
A comparison of the findings with the claims in scientific literature (Gelderman & van Zanten, 
2013c, p.7) 
52 Thesis objective Description of what has to be reached with the thesis (Baarda, De Goede & Teunissen,2005,p.29) 
53 Thesis problem Consists of an objective, a main question and sub questions (Jurg, 2010, p.7) 
54 Triangulation The convergence of data collected from different sources, to determine the consistency of a 
finding  (Yin, 2014, p. 241) 
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